Apparent Lack of Nucleotide Sequence Homology Between the Satellite
and Genome RNA Species of Tomato Black Ring Virus (Accepted 28 September 1981) 
SUMMARY
In hybridization experiments using complementary DNA copies, no homology was detected between RNA-3 and either of the genome RNA species of tomato black ring virus. It is estimated that sequences amounting to 160 nucleotide residues shared by RNA-3 and RNA-1, or to 120 nucleotide residues shared by RNA-3 and RNA-2 would have been detected. It is concluded that RNA-3 is a true satellite RNA.
Particles of tomato black ring virus (TBRV), a member of the nepovirus group, contain two major RNA species. Their mol. wt. estimated by electrophoresis of denatured RNA in agarose gels are 2.7 × 106 (RNA-1) and 1.65 x 106 (RNA-2) (Murant et al., 1981) . From experiments involving infectivity tests with the separated RNA components (Murant et al., 1973) and from the properties of pseudo-recombinant isolates (Harrison & Murant, 1977) , it was concluded that the genome of the virus comprises these two RNA species.
RNA-1 and RNA-2 both contain polyadenylate (Mayo et al., 1979) , as also does a third RNA species (RNA-3) mol. wt. 0.5 × 106 (Murant et al., 1981) , found in particles of some strains of TBRV. RNA-3 can be eliminated from cultures of TBRV without diminishing infectivity or altering the types of symptom produced and does not reappear spontaneously, it cannot replicate on its own and, thus, seems to be a satellite RNA (Murant et al., 1973) . It is translated in vitro and in vivo into a protein of mol. wt. about 48000 (Fritsch et al., 1978) ; moreover the translation products of RNA-3 obtained from two strains of TBRV are different (Fritsch et al., 1980) . A satellite RNA may be defined as one that is dependent upon its helper virus for replication, and may be distinguished from other dependent RNA species by the possession of nucleotide sequences that are not in the genome of the helper virus. Hybridization of 125I-labelled RNA components of TBRV-G, an isolate of the potato bouquet (German) serotype, with double-stranded RNA extracted from plants infected with TBRV-G isolates possessing or lacking RNA-3, indicated that at least some nucleotide sequences of RNA-3 were not contained in either RNA-1 or RNA-2 (P. Gugerli & A. C. Minson, unpublished results). However, the possibility of extensive sequence homology between the three RNA species could not be excluded. I have now examined this question more carefully by hybridization with complementary DNA (cDNA) copies of each RNA species, separated by improved methods.
TBRV-S, the stock culture of the Scottish (beet ringspot) serotype of TBRV, and TBRV-S 12, a single lesion isolate of TBRV-S that was freed of RNA-3 (Hanada & Harrison, 1977) , were grown and purified as described by Fritsch et al. (1978) .
TBRV-S 12 was used as the source of RNA-1 and RNA-2. Middle and bottom component particles were separated by sedimentation in sucrose density gradients, followed by equilibrium sedimentation in CsC1 solutions. RNA-1 and RNA-2 were obtained from bottom and middle component particles respectively, by heating at 60 °C for 15 min in 10 mM-tris-HCl, 0.5 mM-EDTA pH 9, containing 2% SDS, followed by extraction with an equal volume of water-saturated phenol + m-cresol 9 : 1 (v/v) + 0-1% 8-hydroxyquinoline (phenol mixture), and precipitated from the aqueous phase with ethanol. RNA prepared in this way appears to be intact, as judged by polyacrylamide gel electrophoresis, in both denaturing and non-denaturing systems and is infective. RNA preparations were further purified by LiC1 precipitation as described by Robinson et al. (1980) ; this step removed an impurity present in some RNA preparations that inhibited the reverse transcriptase reaction.
TBRV-S was used as the source of RNA-3. Unfractionated nucleoprotein preparations were resuspended in 10 mM-tris-HCl pH 7.6 + 50 mM-NaC1 + 1% (w/v) SDS and emulsified with an equal volume of phenol mixture. RNA was recovered from the aqueous phase by precipitation with ethanol, dissolved in 0-1 M-tris-HC1 + 0.1 M-NaC1 + 1 mM-EDTA pH 7.5, containing 0.1% SDS and fractionated in sucrose density gradients (16 h at 22000 rev/min in an SW27.1 rotor at 20 to 25 °C in 10 to 40% sucrose solution in the same buffer). Fractions containing RNA-3 were collected and the RNA precipitated with ethanol. Some preparations of RNA-3 were further purified by oligo(dT)-cellulose column chromatography (Mayo et al., 1979) to remove molecules lacking polyadenylate.
Preparation of 3H-labelled eDNA copies using random DNA fragments as primer, and conditions for hybrid formation and for assay using S1 nuclease, were as described by Robinson et aL (1980) .
Results of kinetic hybridization experiments using RNA-1 and RNA-2 of TBRV-S with their eDNA copies in both homologous and heterologous combinations were similar to those obtained by Robinson et al. (1980) with TBRV-A, a closely related strain. An example, the hybridization of RNA-1 of TBRV-S with its homologous eDNA (eDNA-I), is shown inFig. 1 (b) (upper curve). In the heterologous combinations, hybridization occurred only at high values of Rot and no evidence for nucleotide sequences common to the two RNA species was obtained. It is estimated that such sequences, if they exist at al~, comprise less than about 250 nucleotide residues of the RNA. Fig. 1 (a) (upper curve) shows the kinetics of hybridization of eDNA-3 with RNA-3 in conditions of RNA excess. At the highest concentrations of RNA, about 75 % of the cDNA became resistant to S1 nuclease, whereas in the absence of RNA, 5 to 6% was resistant. These values were taken to represent 100% and 0% hybridization respectively, following the practice of Robinson et al. (1980) . A single sharp transition was observed, with a value of Rot ½ (initial RNA concentration × time, for 50% hybridization) estimated as 1.8 × 10 -3 mol. s/1. Similar results were obtained whether or not the RNA-3 preparation used as template for eDNA-3 synthesis and in the hybridization reaction had been purified by oligo(dT)-eellulose chromatography.
Two approaches were used to search for common sequences between RNA-3 and either RNA-1 or RNA-2: hybridization of cDNA-1 or eDNA-2 with RNA-3, and hybridization of eDNA-3 with RNA-1 or RNA-2. Neither approach yielded unequivocal results because it proved impossible to completely eliminate contamination of RNA-3 with fragments of the genome RNA species and consequently of eDNA-3 with copies of these fragments.
An example of the first approach, the hybridization of eDNA-1 with RNA-3, is shown in Fig. 1 (b) (lower curve). Reaction occurred only at high values of Rot and is consistent with contamination of the RNA-3 preparation with RNA-1, estimated from the relative positions of the two curves in Fig. l(b) to amount to about 3%. It was reasoned that if this contamination consisted of fragments of RNA-1 similar in size to RNA-3, many such fragments would not contain the polyadenylate tract (Mayo et al., 1979) and so would be removed from the preparation by oligo(dT)-cellulose column chromatography. However, although eDNA-1 hybridized less with RNA-3 preparations purified in this way than with the same concentration of RNA-3 not chromatographed, there was still a reaction that could be explained by contamination with sequences derived from RNA-1, estimated to be about 1% of the preparation. 
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The expected value of Rot ½ for a reaction between eDNA-1 and any sequences that RNA-3 has in common with RNA-1 is equal to Rot ½ for the homologous reaction between eDNA-1 and RNA-1 multiplied by the ratio of the mol. wt. of RNA-3 and RNA-1, and is about 1.4 × 10 -3 mol. s/l. There is no evidence in Fig. 1 (b) of any such reaction; it is estimated that a reaction involving 2 % of the eDNA would be detectable. Similar results were obtained from hybridization experiments between cDNA-2 and RNA-3; no common sequences were detected, but RNA-3 after oligo(dT)-cellulose column chromatography was still contaminated with about 4 % of sequences derived from RNA-2.
An example of the second approach, the hybridization of eDNA-3 with RNA-2, is shown in Fig. 1 (a) (lower curve) . This shows a reaction involving 8 % of the eDNA, with Rot ½ of about 6.3 x 10 -3 mol. s/l. The expected value of Rot ½ for a reaction between cDNA-3 and any sequences that RNA-2 has in common with RNA-3 is about 6 × 10 -3 mol. s/l. However, if the 8 % of the eDNA preparation involved in the reaction represents copies of RNA-2 contaminants in the RNA-3 preparation used as template for the reverse transcriptase reaction, this would be expected to react with Rot ½ equal to that for the homologous reaction between eDNA-2 and RNA-2. This was estimated from an experiment using the same preparation of RNA-2 as in the experiment of Fig. 1 (a) (lower curve) to be 7 x 10 -3 mol. s/l. Thus, it is not possible to distinguish between the two types of reaction that may occur in experiments like that shown in Fig. 1 (a) (lower curve) ; indeed, both reactions may be taking place. However, it is clear that more than 90% of cDNA-3 does not react with RNA-2. Similar results were obtained from hybridization experiments between cDNA-3 and RNA-I.
In interpreting the results of hybridization experiments described in this paper, it is assumed that the eDNA copies equally represent all the RNA sequences of their templates in each instance. Although this has not been demonstrated for these eDNA preparations, cDNA copies of other virus RNA molecules prepared under essentially similar conditions have been shown to be fully representative (Gould & Symons, 1977) .
Hybridization experiments in the present work with the genome RNA species of TBRV-S 12 and their homologous eDNA copies have given consistently lower values of Rot ½ than did experiments by Robinson et aL (1980) with TBRV-A. Whether this difference is of any real significance, or is within the range of variation to be expected between series of experiments done with different reagents at different times, should become clear in the course of continuing work with a wider variety ofnepovirus strains.
Short communications
It is clear from both kinds of experiment described in this paper that most of the sequences of RNA-3 are not represented in either RNA-1 or RNA-2. Less than 10% of cDNA-3 reacted with RNA-1 or with RNA-2, and reaction of cDNA-1 or cDNA-2 with RNA-3 preparations was observed only at high RNA concentrations, implying that the reaction was with contaminating RNA species and not with the bulk of RNA-3. It is, therefore, concluded that the sequences in RNA-3 are not simply a subset of those in the genome RNA species.
It is not possible to rule out the existence of small amounts of common sequence between RNA-3 and the genome RNA species. In the experiment of Fig. 1 (b) (lower curve), it is estimated that if 2% of the sequence of RNA-1 (i.e. about 160 nucleotide residues) were present in RNA-3, it would have been detected. In the experiment of Fig. 1 (a) (lower curve) 8 % of cDNA-3 reacted with RNA-2, and even if all of this represents shared sequences, it amounts to only about 120 nucleotide residues. These values are estimates of the maximum possible extent of homology between RNA-3 and the two genome RNA species. Because the possibility of a small amount of homology between RNA-1 and RNA-2 cannot also be ruled out, there could be sequences amounting to 100 or so nucleotide residues shared by all three RNA species.
Coupled with the evidence of Murant et al. (1973) that RNA-3 of TBRV is not required for infectivity but is dependent upon RNA-1 and RNA-2 for its replication, the finding that it consists largely of sequences not in the genome indicates that it is truly a satellite RNA species.
